Abstract. Amperometric biosensor modified with membrane-covered peroxidase and ferrocene-embedded carbon paste (HRP-Fc-CP) electrode was applied for the highly sensitive analysis of a trace amount of phenols. In this research, various experimental parameters (content ratio of HRP, pH of solution, temperature of solution, interference, incubation time and temperature, and stability of electrode), which influenced the response of the HRP-Fc-CP electrode to phenols, were optimized.
Introduction
In the present paper, we propose a peroxidase-based biosensor for determination of total polyphenolic content in green tea. We adopt the indirect-detection method using a membrane-covered peroxidase and ferrocene-embedded carbon-paste (HRP-Fc-CP) electrode. We make use of HRP-Fc-CP electrode to detect the decrease of H 2 O 2 concentration in a sample solution.
This study is to confirm the optimum conditions for determination of total polyphenols using the peroxidase-based ampereometric biosensor, which is made of a membrane-covered peroxidase and ferrocene-embedded carbon-paste electrode. The effects of analytical parameters (e.g., content ratio of HRP, pH of solution, temperature of solution, interference, incubation time and temperature, and stability of electrode), which affect electrode reactions and analysis processes, were studied using the cyclic voltammetry.
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Materials and Methods
Peroxidase from horseradish (HRP: EC 1.11.1.7, 180 U mg -1 ) was purchased from Toyobo (Japan) and used as received. (-)-Epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), (+)-catechin (CA), and (-)-epicatechin (EC) were purchased form Sigma and used without further purification. All other chemicals were of analytic grade. 0.1 M sodium phosphate buffer (pH 6.9) containing polyphenol and H 2 O 2 were daily prepared using water purified by Milli-Q system.
Results and Discussion
Content ratio effect
The HRP-Fc-CP electrodes made in various content ratios of the HRP to total amount (1 to 10% wt/wt) were tested. Figure 1 shows the effect of the amount of HRP entrapped on the electrodes on the stead-state current measured at 0.1 V in 10 mM sodium phosphate buffer (pH 6.5) containing 70 μM EGCG under stirring with HRPFc-CP electrode. As shown in Figure 1 , the magnitudes of current linearly increased and finally saturated at 5%. At higher composition than 5%, the current decreased. This might be due to the resistance of the electrodes being higher than that of 5% composition of the HRP. The profile of content ratio dependence on steady-state current is consistent with that of the electrode activity [1] [2] [3] .
pH effect
The steady-state current changed also according to the pH of the test solutions (see Figure 2 ). As shown in Figure 2 , an optimum condition is found at near pH 6.5 and a sharp decrease in steady-state current was observed at high pH. The profile of pH dependence on steady-state current is consistent with that of the enzyme activity [4, 5] . The following experiments, therefore, were carried out at pH 6.5. Figure 3 shows the temperature dependence on the stead-state current measured at 0.1 V in 10 mM sodium phosphate buffer (pH 6.5) containing 70 μM EGCG under stirring with HRP-Fc-CP electrode. As the temperature of the cell increased from 20℃ to 40℃, the current increased. The maximum current was obtained at 35℃. As a temperature above 35℃, the peak height became lower. The profile of temperature dependence on steady-state current is consistent with that of the enzyme activity (9, 10). Similar result had been reported by Kinosita et al. [6] . 
Temperature effect
Conclusions
Amperometric biosensor modified with membrane-covered peroxidase and ferroceneembedded carbon paste (HRP-Fc-CP) electrode was applied for the highly sensitive analysis of a trace amount of phenols. In this research, various experimental parameters (e.g., content ratio of HRP, pH of solution, temperature of solution, interference, incubation time and temperature, and stability of electrode), which influenced the response of the HRP-Fc-CP electrode to phenols, were optimized.
